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Each layer in turn is brought to rest, its kinetic energy is converted into
strain energy, and the disturbance is propagated back to the open end of the
pipe with the velocity of sound waves through the medium. Under these
conditions, the phenomenon is known as water hammer, and the rise in pres-
sure p at the valve is obtained from the relationship
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or p = v*J	Ib. per square foot.
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Here K is the modulus of compressibility of the water, which has a mean
value of 43-2 X io6 Ib. per square foot. Adopting this value, p = 63-7^ Ib.
per square inch, a value which shows that excessively high pressures may
be obtained with comparatively low velocities of flow, where this action is
set up. In a non-rigid pipe line energy is expended in stretching the pipe
walls, and the hammer pressure is reduced. Taking this into account,
K', the effective value of K, is given by
1 = ! +JL/<_4\
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where r is the radius and t the thickness of the pipe, and for steel pipes
E = 43-2 X io8 Ib. per square foot and <r = 3-6.
It may be shown that pressures as great as those corresponding to
instantaneous closure are attained if the time of valve closure does not
exceed zl -f- V^ sec., where V^, the velocity of propagation of sound waves
along the pipe line, is given by V^ = v —, and is approximately 4700 ft.
per second for a rigid pipe line, but may be as low as 3000 ft. per second
for a large thin-walled pipe line.    If the time of closure is greater than
4/-^ \Tp sec., the formula p' = — Ib. per square foot is applicable.
o
Flow in Open Channels.—As in the case of pipe flow, the earlier
experimenters assumed the loss of head during steadjr flow in an open
channel to be proportional to the square of the velocity, and adopted one
or other modification of the Chezy formula
v = c+/mi,
where m is the hydraulic mean depth
= cross-sectional area (A) ~ wetted perimeter (P),
and i is the gradient of the channel.
The best-known of these formulae are due to Ganguillet and Kutter,
and to Bazin.

